Introduction
Jujube (Ziziphus mauritiana Lam.) is commonly grown in semi arid and arid regions of India and in few other countries of the world including Bangladesh and China (Pareek, 2001) . Powdery mildew caused by Oidium erysiphoides f.sp. ziziphi Yan and Wang (Microsphaera alphitoides f.sp. ziziphi Griffon and Maublanc) is a major disease of jujube in India. disease are noticed on leaf, young branches, flowers, and newly set fruits. The whitish powdery mass develops on young leaves eventually causes defoliation. Flower infection is the most dangerous stage. Flower infection causes defoliation of flower, as a result, fruits are not set. The disease also appears in the form of white powdery spots on the fruits and covers the entire fruit surface. The spots turn into light brown to dark brown. The infected area becomes slightly raised and rough. Affected fruits either drop off prematurely or become corky, cracked, deformed and ultimately remain unmarketable. The mycelia grow externally on the host with white, single, upright conidiophores. The fungus survives in the bud wood of the host or in some alternate hosts during the absence of jujube flowers and fruits. The disease is observed on both cultivated and wild species of jujube (Mehta, 1950) . The disease is causing great loss in productivity and quality of fruits. Jamadar et al. (2009) found 50-60% loss in fruit yield due to powdery mildew disease of jujube and reduced market value of the produce.
Jujube is a popular fruit in Bangladesh and powdery mildew is a common disease of the fruit. The yield loss due to powdery mildew disease of jujube in Bangladesh is not estimated earlier. But it was assumed that yield loss was high.
Available reports reveal that fungicides may be applied to control powdery mildew of jujube (Gupta et al., 1977; Singh et al., 1995; Sharma et al., 2001) . Examples of effective fungicides are Dinocap (0.2% Karathane WP or 0.1% Karathane EC), 0.2% Sulfex (Gupta et al., 1977; Yadav and Singh 1985; Singh et al., 1995) , 0.2% Carbendazim (Yadav et al., 1980; Singh and Sidhu, 1985) or Trideomorph (Singh et al., 1995) . According to Kapoor et al. (1975) spray of 0.07% Karathane EC or 0.3% Sulfex gave satisfactory control of powdery mildew disease of jujube. He also stated that other effective fungicides for the control of powdery mildew were Dinocap (0.1%), Carbendazim (0.1%), wettable Sulphur (0.2%), Trideomorph (0.1%), Sulphur dust (250 g/tree), and Thiophenate Methyl (0.2%). Sharma et al. (2001) evaluated Bayleton and Karathane sprays to control and found effective. Starting with the initiation of the disease, 2 to 4 sprays at 15-20 days intervals should be carried out depending upon disease intensity. Gupta et al. (1978) and Singh and Sidhu (1985) suggested that spraying should be started as soon as the disease appears on fruits of peanut size and repeated at three weeks intervals. The powdery mildew disease can be effectively managed by alternate sprays of Triadimefon at 0.1% followed by wettable sulphur at 0.3% at an interval of 12-15 days (Jamadar et al., 2009 ).
Spray of 0.5% solution of baking soda may control this disease satisfactorily. Application of neem oil is another good approach to manage the disease. Weekly application of lime-sulfur or spray or dust with sulfur is very useful to control the disease (http://www.weekendgardener.net/plant-diseases/powdery-mildew-110711.htm). In order to reduce the amounts of synthetic fungicides, a wide range of alternative chemicals or natural products has been tested against powdery mildew disease. Homma et al. (1981) reported that sodium bicarbonate reduced the incidence of powdery mildew on cucumber plants. Foliar application of phosphate potassium salts was also found to reduce powdery mildew on cucurbit crops (Menzies et al., 1992; Reuveni , 1995) .
In Bangladesh, recommended methods of control against powdery mildew of jujube are not available. Presently, jujube growers of the country applied different fungicides to control Jujube diseases without knowing their effectiveness. Therefore, in most of the cases, it is found that farmers could not achieve satisfactory results.
The present study was, therefore, conducted to find out the effectiveness of foliar sprays with fungicides, organic oils, and detergent to control powdery mildew of jujube under Bangladesh conditions.
Materials and Method
The fungicides tested in the experiment were Tilt 250 EC (Propiconazole) and Folicur 250 EC (Hexaconazole), Bavistin DF (Carbandazim), Dithane M-45 (Mancozeb), Thiovit 80 WG (Sulpher), and Cupravit (Copper oxychloride), the oils were mustard oil and neem oil, and the detergent was Trix. Folicur and Tilt were applied @ 0.05%, Bavistin @ 0.10%, Dithane M-45 @ 0.20%, Thiovit, and Cupravit @ 0.30%, and mustard oil, neem oil, and Trix were applied @ 0.50%. All of the materials were applied as foliar spray for seven times starting from 1 September with an interval of 15 days. Plain water spray served as untreated control.
The experiment was conducted in established jujube orchards of the farmers at Mawna, Gazipur and Ishurdi, Pabna during consecutive years of 2007-08 and 2008-09 . At each location, two orchards were selected. One of them was planted with variety BAU Kul and the other with variety Apple Kul, which is widely cultivated in Bangladesh. In the first year, the age of BAU Kul trees was one year and that of Apple Kul was two years. All cultural and intercultural operations were applied by the owners of the orchards. The experiment was laid out in a randomized complete block design with three replications. Each experimental unit was represented by two trees. Treatment means were separated by Truky's Test.
Severity of powdery mildew was indexed on a 0-5 subjective scale (Bakr et al., 2010) where, 0= No lesion, 1= Few lesions on small laterals and leaves, 2= Lesions on a number of laterals and leaves, 3= Lesions on a few fruits and main laterals and leaves, 4= Lesions on a number of fruits and some laterals and leaves blighted and 5= Entire inflorescence blighted without fruit set. Data on total number of fruits per plant, spotted fruits per plant, single fruit weight (g) and fruit yield (kg/plant) were also recorded. Fruit spot caused by other than Oidium like Colletotrichum, Alternaria, Fusarium, etc. also include in data on spotted fruits per plant. Percent reduction in disease severity and increase in yield over control were computed.
Results and Discussion

Severity of powdery mildew
All the treatments significantly reduced powdery mildew severity (P = 0.05) as compared to control treatment. Severity index values of powdery mildew were maximum on both jujube varieties in both the seasons at both the locations under control treatment showing severity score of 3.89-4.53. The disease severity was reduced significantly over control due to foliar sprays with six fungicides, two organic oils, and a detergent irrespective of seasons, locations, and jujube varieties with the exception. The exception included that the detergent, mustard oil, Cupravit, and Bavistin did not reduce the disease severity significantly compared to control (Table 1) . At Mowna as well as Ishurdi, disease severity index values were less than 1.33-2.07 on both Apple Kul and BAU Kul during both growing seasons under the treatments with Thiovit, Tilt, Folicur, and Dithan M-45. However, their effectiveness to reduce powdery mildew severity was statistically similar. Cupravit, Mustard oil, Neem oil and Trix were found less effective (Table 1) .
Diseased or spotted fruits per plant
Like disease severity, number of spotted fruits/plant was the highest under control, which was statistically similar to effectiveness of two organic oils and the detergent. Thiovit, Tilt, and Folicur significantly reduced incidence of spotted fruits irrespective of jujube varieties, locations, and seasons compared to control. Dithane M-45 also caused significant reduction in incidence of spotted fruit over control. However, Bavistin and Cupravit gave inconsistent results (Table 2) .
Percent diseased fruits of jujube significantly lower in all treatments as compared of control. The effectiveness of Tilt, Folicur, and Thiovit was the best as compared to other fungicides, organic oils, and detergent. The effectiveness of Dithane M-45 and Bavistin was less than Tilt/Thiovit. Neem oil could reduce percent diseased fruits considerably but not at par with other fungicides except Cupravit. Figures within the same column with a common letter do not differ significantly (P=0.05). 
Total number of fruits per plant
All treatments significantly increased total fruit number/plant over control except Trix treated plants of Apple Kul at Mawna, Gazipur in 2007-08 and BAU Kul of both locations in cropping year 2008-09. Considering locations and years, Tilt and Thiovit treated plants produced higher total fruit number/plant than other fungicides and oils (Table 3) .
Weight of single fruit (g)
Generally the weight of single fruit was found higher in BAU Kul compared to Apple Kul which may be genetical. Figures within the same column with a common letter do not differ significantly (P=0.05). 
Cost and return
The purpose of marginal analysis is to reveal that how the benefit from investment increases as the amount of investment increase. Economic analysis showed that the highest gross margin (Tk. 377808.13 and Tk 284573.75/ha for BAU Kul and Apple Kul, respectively) was found in Tilt followed by Thiovit, Folicur and Dithane M-45 for both the varieties. On the other hand, MBCR was the highest in Thiovit (23.23 for BAU Kul and 15.61 for Apple Kul) followed by Tilt, Neem oil, and Folicur in both the varieties. It means that Thiovit was the most profitable treatment than others (Table 6 and 7). Findings of the present study revealed that foliar spray with six fungicides and two organic oils effectively decreased severity of powdery mildew and increased fruit yield of jujube irrespective of two varieties in two locations and two years of experimentation. Among the treatments, Tilt, Folicur, Thiovit, and Dithane M-45 were more effective compared to other treatments. They also showed effectiveness to reduce number of spotted fruits. Fungicidal spray caused appreciable increase in single fruit weight of the variety BAU Kul, but the treatments did not show any remarkable influence on fruit size of Apple Kul. The most effective fungicide was Tilt followed by Folicur and Thiovit for reducing disease severity and increase fruit yield. Economic analysis also showed that Thiovit, Tilt, Neem oil, and Folicur were the most profitable treatments. Efficacy of fungicides to control powdery mildew of jujube has been reported by many other authors from home and abroad. From Bangladesh, Bakr (2007) reported that Tilt 250 EC (0.05%), Thiovit (0.2%), and Bordeaux mixture (1%) were effective to control powdery mildew disease of jujube. Similar findings have also been reported by other investigators (Bent, 1978; O'Brien et al., 1988; O'Brien, 1994; Singh et al., 1995; Cheah and Page 1997) . Yadav et al. (1980) and Singh and Sidhu (1985) found that Carbendazim (0.2%) can control powdery mildew disease. Sulphur fungicides were found effective for controlling powdery mildew disease by many authors (Kapoor et al., 1975; Gupta et al., 1977 Gupta et al., , 1978 Yadav and Singh, 1985; Singh et al., 1995) . In the present experiment, mustard oil and neem oil were found to be an effective organic pesticide that reduce disease severity as well as increase fruit yield of jujube. Effectiveness of neem oil performed better than mustard oil and it was almost similar to fungicides.
Recommendations 1) Seven sprays of Tilt 250 EC (Propiconazole) @ 0.05%, starting from first week of September with an interval of 15 days may be recommended for controlling powdery mildew disease of jujube in commercial orchard. 2) Thiovit (0.3%) or Folicur 250 EC (Hexaconazole) @ 0.05% may be applied as an alternate to Tilt 250 EC for controlling powdery mildew disease of jujube in commercial orchard. 3) As organic pesticides, neem oil @ 0.5% may be applied as a potential alternative of fungicides with same frequency and interval for controlling powdery mildew disease of jujube.
